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AEHBEBUSHEER LTS
#0140 15 T R AR R AT 52

B, K ERVT, OREY, Rk, BEEFEY, &R

(1. ASRBEIREREE — M PERT ST AT A SR WE TR AR P B 5 0™ 1 T SR %, IR 5 5 266061; 2. F B LR SHOR
R E R L IR S R S PR I RE SR &, LR T B 266237)

WEAHNEETRAALE R SR FRRAELEURMEIOMFE, AT ERBELESHE T
IR TERRCFRE BRERSKEENAHATAL. FREN, BETH Lk TR Y
PEE, EMEREN 1842~2854 ng/g, kS BN 144~1180ng/g, ZEX EF M LMK TR & E
MEBTHAE, XTRESEREALBRENVERNAX., BR LT ELCENEG TER LT E S
E,ENCeER¥MEUARY, EHWECeg EMHME. A TEZEALT WE 2 FEH, PP-
GE4EWE®ETIPGE, * L HHEPCERFMPdAFE, EHAALPEEMPd T MEFM. HLT
FRERAE T, IR EFHETNEZTER A THRANHA, L F & LA N 65.40%~70.05%, % 7% &
PHETETERGE TREDS, §EWLH A 6227%~6577%, Xtk 5RBEATHRBEH X, 1K T
FRMERAET, HAEMEARETH AT ZHNTEREFTHEAMDHE, £ FELHA N
63.66%~69.51%, 7 i & (29.20%~34.68%) M4k T E WA —E W B ER S . BEHESE A H 4K
TEWEEHEMN KR E I IRERTFHRIER, ZHARENETED 8, THE K Ce P Hl
AN TN Ce PP, IR M BE MBI R E P, NI AR EHERH LIk TENEE.,
KB A PH EHG LR ETR BRTE; RERS

FESES: P44 XHkFRERD: A MXEHS: 0253-4193(2021)11-0077-11

AEBERHE R E X Hi, WA B TR
2 EBIFFE R B R R
FUAT, T 106 Bl 25 7 285 40 24 1 96 A 5 0P 5T

1 515
B RS TE R TAME T AT IL L 50 A e

el AR R 2 T (B 0 VIS AR 7 R
& B 45 7C & % Co. Ni. Cu, i £ 70 % (Rare Earth Ele-
ment, REE) F14A % 56 & ( Platinum Group Element, PGE)
ey, AABE RN RS T, [, &84S
ST R W A DR ML )2 Il sk T ek g & 60~
100 Ma B ¥ v R0 A0 A5 Y g s, X i 90 oty vl v 3R B B

5 B #3: 2021-06-08; 1&1T B #i: 2021-08-17.

AR, FRER T R i A OCHUE Ak, 32 R R B 7E
WAL BN o3 A R B B I A5 D T, G 2 pR
Y5 Oh Al 2 58 TR N TR A RN I 9 BE T IR S 3
filh o it 25 68 RV VR IR L Rl 45 7 R A FIATE 5T 0 AN 1B
TN, BTN AT LI 5E AR T 32 2%
62 (Mn, Fe, Co. Ni, Cu, Zn, Pb) FJ#f5T, My @

ESTH: ER A RFIF 54 (40976038 ); [ B i 15T IR 8 A FF %+ = 30 B IR IR 35 BB (DY 135-C1-1-04),
TEF BN : F A (1980—), 2o, INZREE BT, TR, 325 S 2 ER L4 0 M 58 . E-mail: gaojingjing8@163.com
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li] P A BB TC R AN LT R AT R WA X —
PR R FR e, BARE B AS e BB IS TARZ W
SR ORI A A BT 0 2 AN b T 3R R A T 3R T
o, JLAT TR A s 0, R B AR DL WA
Jr s (1) HATA 56 B 45 72 i + o0 R FRROT R 1Y

S NN  PR DO R SR TR BN A S (R D

KT LU R M ROC R AR B sE 4l T

S 0 R AR T R AR FUATE S 1 Al R k5

(2) & Bl e R AR TR T R OB W e 4, H H D
[l P X R SR AL BF ST JC e g 18, IR T &
BT BHIR A TR AL T A2

AR SCEF A KPP 6 B 4 e il U R AL R
IR ATR 25 BF R X 3 55 0 BIOAR AR o T 9 L i, B TE A
BB A T T R b T R IR G T AR B AL () R, B
A 0 AT R AR S BT ST A A 2, A
T [H 5 B 45 7 VR ZR 3 PO B A R AR A

2 AT

21 H@EESMAEFE

TR < RVE— 57 % SR TE AT KVE DY 115-
18 L VR B R FH 4 I 5 28 BOA 1) RS 3 5 R B -k
a6 1L DX A 7 AR VA L (19,794 55°N, 157.315 95°E, 7K
TN 2 450 m) XD3 5 & #h 45 5o ik d, Jo5 8 JOlig
A, GRS AN 1 TR . & Bl 45T XD3 SR
i MR g e, B W W SR S5 . YR s ST I

140° 145° 150°

20°

6], AN G540 TR I BUS: 5 AN 18 2 FE &, 20 AR ]
S XD3(I). XD3(II), XD3(III), XD3(IV). XD3(V), £t
53 2 BORE R EL AR S Al 3 DL BT 2 RSk 1. DG AT ok
W FE S TS 1T 200 H B, BT R4S, &R
22 eEHGREELERMBLIRRENRK G E

FEMTE 110°C T4 4 h, B T FIRBRHEER.
PR BURE fi (50.00£0.50) mg ¥ A% P9 IE A, Jin A 2
(1.0mL), #:#2 (1.0 mL), & # AR (1.0 mL), I 5 FF 4]
JE AR E R, BT HLAE 190°C i 48 h, B 4]
J& BT R 150°C 251, A AERR (1 mL) 4k2E2%
T (RABR R AR M R R P 2UUR ), SR 5 INA 20%(V/V)
MR W (3.0mL). 1 pg/g SN AR (1.0 mL), F-1X
I AR T, T 150°C I HGA % 8 ho 1B
B EREPAE, F 2% (V/V) TSRV HE 25 2 100 g,
FEAT, R

JH RS A 55 B 1R & 0Ot % {X (ICP-OES,
Thermo iCAP6300) il & & 5 6 2, F HLEHE A 5 5 7
i 7% Y (ICP-MS, Thermo X series 2) M €% -0 % .
Gy Hr i B v g ] T R A b O R M IOR B A
90%~ 110%, A X A5 HE it 22 249 /0 T 5%, A i I 7
SR % U5 S 57— YV DI 5 VA Y O S 5 % 58 o
23 EEHMMAKRTREMRAZ

HR A5 SCHR [21-22] A 45 o0 2 00 K 75 16 X B
HEAT AL B, A7 AR AR B S AE 110°C T 4
BEF TSR EEE . FREE (1.00£0.05)g TR

155° 160° 165° 170° E

1 RS 7 XD3 FE SR A S v v B
Fig. 1 The sampling location of cobalt-rich crust XD3 sample
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B2 B4 XD3 R G R IORE
Fig.2 The stratified sampling of cobalt-rich crust XD3 smaple
*1 EBERHFERITRAEEHRHWE

Table 1 Description of different structural layer in

cobalt-rich crusts

BTG5 M2 TR /mm ST TBUS
XD3(I) S I 0~14 %Eéﬁ%%f“ii%H%
XD3(1I) ER by 14~24 B, BUE, RS
XD3(I)  BIEREE 24~56 ﬁ@@ﬁiﬁi z‘gﬁz ’
XD3(1V)  BIVIEZ 56~82 e, ﬁgﬂﬁiﬁﬁgﬁgﬁk =
XD3(V) BVHEZ  82~120 FRE, 2, LU

ik, AR BCR A 3

W, AR R (5 mL) BR R R R 5, MEFTINA
9P, 15Pd, Ir, "'Ru F1'°0s i B, SR 5 A B R
(10 mL), fin 55 = P R 9% 048 )5, & T U 170°C i #4
VA 24 ho REVE SRS RIS A VKARR A 2 h,
IR 5 I ZE W89 40 85 Os, FH Te-SnCl, 37T IE s 43 25
AVEW P Pt, Pd. Ru, Rh, Ir, YUIE L IR IA )5 BT
HL IR 1 150°C 281, SR J5 T2 /K I il B i, 9 045 T
HBEEISmLBOEEE L, BEERERELHE 7
AP G, AR UE R, TR, R B A SR T T
TSI 2 FATE TC R, 4B sk A vp o I A T 3R el oR
BITE 80%~ 120%, AHX bR 1 It 22 297N T 10%. i I
TR [ AR G R AR — I T F 90 T 96 Y b T S 0 =

S

24 ERHEERITENHETERSSNAE

HR A SCHR [23-25] oo 2k B v A kg ik,
Oy FARBLE ST S P AL 2E RS MRS L R R R AH | 4
FALYIH . BRE LA L BRI S I ot B RN T
2, TR AR (1) MRS VER AR 2 g,
A 50 mL 1 mol/L i PR ¥ ¥ WK (pH=7), = i ¥R 1 h,
PO 28 1.0 3 BT B A, FRill; (2) R ER FhAH : Kt
AR (D) B 7% A 50 mL 1 mol/L % B2 %5 ¥ ( pH=
2.5), EW TG Sh, HEOR & & LBt E R,
FEI; (3) % S8 Ak 0 AH - K 25 B8 (2) B 3% Jin A 200 mL
0.1 mol/L 5 R 32 it (pH=3.5), % i F ¥ 1% 20 h, $#LHL
WA B O EIFE ARG, T (4) BRE LY AR B 2P
B(3) B95R A 200 mL 0.1 mol/L £k 82 ¥4 Jie — itk iR 15
W (pH=2.0), Z ¥ FHE % 20 h, 4R BOK &3 5040 5
BRI, TR (S FRER: KPR 4 MR 2
VAR IR R B o0 2 e 2.2 IR T vk vEAT 0 b
AR O F 4% 2,371 W O vk BEAT A3 A, VSRR . A
BT 3k i 42 ) % AH S B OB T AR 1 o8 3R ISR 7
90%~ 110%, 4% IC 2 7E 80%~ 120%, AH X A1 i i 22
BI/NF 10%.

Gy Pk B U R BERR B L BRI . FhIR I N
PR al, r SR . SRR . SRR 3 28 R vk 75
TR, 3BT K4 IR 58 1K

3 iR 5HS

3 XFEFBLEHEEH L TRMMETRMIK

L E4F1E
300 EEEE O o0 R Bk AL 2R RE

B B4 5 XD3 A AN [F] A 3 2 (1L 0L 0L IV,
V) LR S RWE 2 iR, SR BN, BAi4s
SR L OTR W E A, W A 1 842~2 854 ng/g,
SEHIE S 2 180 pg/g. Hirr, FEFTA R L IoCE 1, Ce
Fr S T HABR + TR, Ce Frithy 820~1459 ng/g,
SEHE N 1041 pg/g, Ce & LM+ 811 50%, &
Ce B E 455 LU R BARMAE . B o0&
(Light Rare Earth Element, LREE ) &4 1450~2286 ug/g,
SEHI{E A 1735 pg/g; ® i - 0 % (Heary Rare Earth
Elements, HREE) & &}y 360~ 568 pg/g, ¥ ¥ {8 K
445 pg/g; LREE/HREE L {5 2y 3.61~4.23, V- ¥ K
391, B L ou R s THM LU R, RM L HM
T B ERHE . Y/Ho B FN 17.8~29.7, B/ Tl
S HORIRAAR (47~ 93) [ [ 29, o, e 12 (1L 10
111 Y/Ho Jy 17.8~18.4, & 52 )2 (IV, V) Y/Ho H. {5
[l Ay 29.4~29.7, T APV R W R 31 Ak & 4 45 7¢ Y/Ho
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R2 ERHFEETRUERTHLITRSE
Table 2 REE contents of different structural layer in cobalt-

rich crusts

FS  XD3(I) XD3(I) XD3(II) XD3(IV) XD3(V) JLETTE

La 277 297 286 309 375 32.0
Ce 820 924 886 1114 1459 73.0
Pr 58.8 65.3 59.7 65.7 76.4 7.90
Nd 235 256 234 261 302 33.0
Sm 46.8 49.2 47.0 49.6 58.9 5.70
Eu 11.5 12.1 113 12.2 14.5 1.24
Gd 58.0 58.2 53.1 60.3 68.5 5.20
Tb 9.31 9.31 8.19 8.71 10.0 0.90
Dy 54.0 53.5 49.2 50.7 59.3 5.80
Ho 10.3 11.3 9.64 10.3 11.7 1.04
Er 32.0 31.6 30.0 29.6 33.7 3.40
Tm 4.57 4.54 4.22 4.16 4.90 0.50
Yb 29.7 28.8 26.8 27.1 31.9 3.10
Lu 4.48 435 4.02 4.04 4.76 0.50
Y 191 202 175 306 344 27.0

REE 1842 2007 1885 2313 2 854 200

LREE 1450 1604 1525 1812 2286 153

HREE 393 403 360 501 568 47.4
LREE,
HREE/ 3.69 3.98 4.23 3.61 4.02 3.22
Y/Ho 18.4 17.8 18.2 29.7 29.4 26.0
Lay/Yby 091 1.00 1.04 1.10 1.14 1.00
3Ce 1.40 1.44 1.47 1.70 1.87 1.00
SEu 0.97 0.99 0.99 0.98 1.01 1.00

TE: FHILRLaEHREE R W 807 ypg/g; M 1 J0RK (LREE) =
La+Ce+Pr+Nd+Sm+Eu; H#fi 1-76% (HREE)=Gd+Tb+Dy+Ho+Er+Tm+Yb+
Lu+Y; 8Ce=2Cey/(Lay+Pry); SEu=2Euy/(Smy+Gdy); Lay. Cey. Pry.
Smy.. Euy. G HILSE TUEFREALS 191H, JLETUE RS | A SCHR27].
FEARL Y Bl D 17~ 2209, X U6 W] 6 Al 25 52 i a2 5 )=
(IV., V) KA T BERRERALAE I .

Xt Bl 4 7€ XD3 FE i A R A IR (1L I 0L TV,
V) R T8 R PEAT A 3 DU AR v AL CEDRE & P 1
JUR & 5 AU A A N TR SRR LU (R, LT
SR WA 3. AR R, HORE B AS TERE S [
Tt JZ Z 1) M b J0 3R 5 4 22 BB, (HAR LT = i i
2 R B R AT oA, T R AR — B, SR
i 1 IO R BRI A AT i R — B . Lay/Yby [t
{4 0.91~1.14, SF-34{H Ky 1.04, B UEAHE + 70 % il 4>

100

JESETUEhiEAL

—o— XD3(I)

—+— XD3(II)
—e— XD3(Il)
—a— XD3(IV)
—x— XD3(V)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
o
B 3w SR ARG R R TR B 2k
Fig. 3 REE distribution curves of different structural layer in

cobalt-rich crusts

Mk Sk b2k, T B RE . §Ceh 1.40~
1.87, *F-BI{EH Hy 1.58, 8Ce KT 1, R MU & Ce IE 7
W FRAE 5 SEu B IE B4 0.97~ 1.01, S 44 {H 4 0.99, 5Eu
FZIE 1, Bu 2 AW B i B0 o i . R, A
isenIM LR B AW Ce &AL
3.1.2  EENES R TR M ER LA R

KTV & A 45 5¢ XD3 AR AR i 2 (1L I0L
L IV, V) PR TR SRR 3 s . 45 R,
B AN R T F R W A, HNR ROl 144~
1180 ng/g, “F-¥JM{E K 458 ng/g. Hoh, 7E T A7 $H MG T
i, At s TG TR, Pt & 123~
1 114 ng/g, FE-YI{H 425 ng/g, Pt & f 325 30 A e 2
19 90%, & Pt & 4l 45 5¢ AR R o R 09 B BARAE .
HYK S Ru, Rh Al Ir, 1fif Pd, Os 1 Au 7% & {k. PPGE
&N 135~1 164 ng/g, ‘F1#1{H } 448 ng/g, IPGE %
i oh 7.81~18.5 ng/g, V- ¥J{EH 4 12.0 ng/g, PPGE/IPGE
LW1E R 13.2~62.9, ¥ {H y 32.3, #1J% 0 % () PPGE
oW &5 T IPGE,

BEAl, & 257 AR E G R X PyPd LA R 73.8~
192, F- ¥ {H Ry 125, 7 K F CLERRL [ A 19 {E (1.84);
Pt/Ir LWAE N 43.2~232, VYA 114, KT CIERORLFR
A1 BB (2.22); Pd/Ir FEAB A 0.55~1.20, SF-2{H 9 0.83,
/NTF CLERBL B A M (1.21);5 T/Au e {H M 1.68~
2.14, SEHIE N 1.93, /T CTERRL B A MR (3.25).
PERT UL, RS e AR T R Z R AR T B A SER .

B Bl 4550 XD3 A i AN [ A 3 )2 (1L I, 10, 1V,
V) R JCER HEAT CLERRL B A A5 o £k CRIEE & 40
WICE &5 CUBRRL A A oG 2 A9 H (e, Hofd
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®3 EHEETRBERTHETESE
Table 3 PGE contents of different structural layer in

cobalt-rich crusts

S XD3(I) XD3(II) XD3(III) XD3(IV) XD3(V) Clg}gv
Os 0.27 0.30 0.50 0.62 0.24 490
Ir 2.79 2.86 3.56 479 223 455
Ru 7.04 7.06 9.45 13.1 534 710
Rh 9.55 8.73 23.8 420 10.6 130
Pt 128 123 547 1114 211 1010
Pd 1.74 1.56 3.46 5.81 1.74 550
Au 131 1.34 1.79 2.81 132 140
PGE 150 144 588 1180 231 232

PPGE 141 135 576 1164 224 1830

IPGE 10.1 102 13.5 185 7.81 1655

PPGE/IPGE  14.0 13.2 42.6 62.9 28.7 1.11

Pt/Pd 73.8 79.1 158 192 121 1.84
Pt/Ir 46.1 432 153.5 232 94.5 222
Pd/Ir 0.62 0.55 0.97 1.20 0.78 1.21
Ir/Au 2.14 2.13 1.99 1.71 1.68 3.25
3Pt 8.34 8.85 15.9 18.9 13.0 1.00
&Pd 0.09 0.08 0.08 0.07 0.07 1.00

H: P ICEOsEIPGEH M Mng/g; PA4L(PPGE)=Rh+Pt+
Pd+Au; It (IPGE)=0s+Ir+Ru; 8Pt=Pty/ VRhy-Pdy; 5Pd=Pd,/
VPty-Auy; Rhy, Pty Pdy. Auy S CIERRL A bR (LS A9 1E, CIERRBRR
RIS | A SCHR28]

MR ILIE 4, S5 BN, BORE B ES SERE R TR
R Z AT R & 2 SRR, R T R I 5
Hh 2 R P AT A0, B AR AR — B, SRR
B IC R bR T i R — B0 . WAk
1 8Pt 2 8.34~18.9, V- X{H A 13.0, 8Pt K T 1, KH
AR Pt IE SR ARE; SPd 24 0.07~0.09, SF-34{E 4 0.08,
8P L/ T 1, e U B B Pd i SR R AE, DRI, 4
LEFE AN G R B W Pt & 42101 Pd 5 FERAE .

S TR W B U0 I N R E N TR T et £ Tl e s VY
FIEA 5 TC R HUER AL 2 R AE BT 5% & R, s 0 5 R4 i
JCEM R EE, BFEAV M V) LA T BRI .
BWMEoRAEETER LK, B Ce IEFHM
Eu 5%, HA W & Ce & EHFFE. HIEITLRZIH A
AT B S AR L PPGE & & U] B % T IPGE & =,
LI PtIE S H T Pd 7 5%, B U] Pt & A Pd
TR . AL, BLAR ERE A SRR SR R R 1 2 2 1]

10
1F
s
l‘Jé_ 0.1
o
=
i"i‘
#® 0.01
o
—<— XD3(I)
0.001 —+— XD3(II)
—o— XD3(II)
—=a— XD3(IV)
0.000 1 L 'XD3(Y)

Os Ir Ru Rh Pt Pd Au
HIRILH

[ 4 W RNEE TN ARG 2 AR T R AL A it £
Fig. 4 PGE distribution curves of different structural layer in

cobalt-rich crusts

i £ 0 R MG T R & 2 FRCK, (AR 4 h 42 5
T b 54T A0, Be oA — 3%, R +
JC R MG FE W HER T2 17 o0 PR R — 30 .

32 XEFBUEHEEHBINERTEBRERS
321 EEGEH TR BAARE

B B 45 S AR XD3 A R A i 2 (1L 11, 10, IV,
V) LR SRR B R (£ 2), XD3 1, i
JZ R BUE R AR, B b A RO 1925 pe/es A
I 4 365 J22 S A AR RS AR S5 4, s - 56 R 1 885 pg/gs
55TV M 15 2 0 BUR BEAOIRZE 4, mE R R Ak R, W 1
SR 2313 pg/gs BV A 2N BUR SRR G,
SRR MK, T BN 2 854 nglg. B, EE4E5E
FEdh XD3 46 1. 11, 11 #8382 8 7e 2, # s a1
fHN 1911 pg/g, F IV, VIE R N ERZE, i+ &
SEIIME N 2 584 ng/g. R, & L4 5T XD3 RS
B E TR E, SR 2w R
TIUER, XAl 5 e E UL E A 2,

i I PR 2R R I, XA BE A SRR B XD3 AN
AR 22 (1, 10, 1L, IV, V) W o R T A A &
WF5, HAHA A B AE an & 5 s . 8558 R, XD3
R 72 LI A2, i oo R EE A T8k
A bW A b, e S L 4 SR 65.40%. 66.21%
1 70.05%, R = B A AL A, L 4 E ] g 0 R
16.61%. 17.19% #1 16.76%, 5% i & 1) & % 9 53 il
H11.93%. 14.73% F1 12.35%, W Bk 25 F0 5k B2 £h A1 (14
AR LB AR X AR, AR 52 IV, VI 2,
Fi o0 R EEWRA TARES P, HEE LG50 R
65.77% F1 62.27%, H U ZERAA D AH, Hw 4R il 55
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Fig. 5 Occurrence phase of REE in different structural layer of

cobalt-rich crusts

SN 31.41% A1 34.00%, 1 4% A AL P AH
7 5 FH 4 LA D) AF G A

K I, &% 4l 45 5¢ XD3 RE A R 4 3 2 A 1ot
FIRARS A B 25, KU H72)2 (1L 10,
0D H s oo R FERAE T AT, HE L
B4 65.40%~ 70.05% Z 1], VR 2 S04k 10 #H 1 5%
WA, MBI EE 2 IV, V) B £ 0 R E 2R
f?ﬁ@ﬁ¢,mmﬁmmﬁﬁﬂ%~ﬁﬂ%2@,

A BB 5 AR A PR R L AT OGP, 5) ORI IS

Em%%ﬁ%%ﬁkﬁﬁﬁwww\ww&ﬂﬁﬁﬁ
R o0 2 E A ST AL .
322 EHEEESEANIE T R IRAPIRAS

V-1 1 1 & B 45 52 R XD3 AN [ 1 3 2 (T
I, 10, IV, V) AR e R & 45 R R (55 3), XD3 5
L. 11K 35 R0 & 1 F- 3 147 ng/g; 5 1A 385 240
WS M 588 ng/gs 45 IV M 21 580 1180 ng/g;
WV TS R AR AR R 231 nglg. MZ, W4T
it XD3 55 1, 11, L Ei5e)2 thaie S P 2IEN 294 ng/g,
55 IV, V&% 2 P B R (E o 705 ng/g. Y
I, &S5 7E XD3 FE 2 E (IV) R & s T
Frac)zE (LI D, 2522 st )2 8 5 £t R,
A fig 5 B BRI LA G

AT R PR Ak 2 MR R I, X 45 SR AR A XD3
AR 2 (1 10, IO, IV, V) HR AR 0 K 217 A AR
B, SRR E 6 FiR . 455 5os, XD3
ERTFE)E LI TR 2, FA o0 R F A T8k
ALY A b, HUE AR 53 00l 64.89%. 68.36% Fl
63.66%, H K J& 5k it A, HOE 4 Ao B R 32.99%.
30.36% il 34.68%, i A AW AH . W BHE 285 sk 1% 3 AH
1) e S LI AR X AR D . RS R IV VI 2,
WU R FEMRAF T e v, & A L 53 51

M Rk 2 B

WARLLH%

1l

T I
O %k | ﬁ‘«‘@*“*ﬁ O &AM | @E’ﬁﬂ:%*ﬁ l B

B 6w g e A R R R rh AT R IR AR
Fig. 6 Occurrence phase of PGE in different structural layer of

cobalt-rich crusts

4 69.51% Fll 67.61%, HUR RGBS, w4 L6l 73 %)
H29.20% Fl 30.19%, i £ 48 A0 9 AH . W B 25 A Bk iR
R E A L U AR AR 2
DRI, b 445 5 S RE i XID3 K [F) K 1 2 op 41 T
RIRAFIRSAAAEN] W 22 7, RBEIREh kB 52 )2 (1L 10
1) FIRE AR Eh AL 272 )2 (IV., V) F 4R %R 0 & #F F 2R
2 FHAE A AR T, I 5 4E L 7E 63.66%~ 69.51%
ZIE], BRI SN HE TR WA — e BN E EEH,
HE 4 B 29.20%~ 34.68% 22 (8], 1M 46 AL P A
Tt 2 8 R FITIZ 285 %o 4 7 0 2% 9 i 4R TR I 3/
25 F IR, 8 2k X RS-V A A e A A A i 2
i £ 0 FR ARG TR RAPIR S5 K B, #is LT R
FURICR 0\ R ARS FEOE R AR AR s 2, W
WESE T LT R A TR 1w SRR T R E )
FHEZ MRS, B it A8 X 76 e R M TR WA —E M
AR, X R R BURE X 3 [  Ah RIR SR
VN Rk T2 HA T8 2 Lo BLAh, Bk a4k
ANTFIAL 3 2 R £ R A TR S E SRR, |
IR T B A A R RS 5 O I A X Sk 22 e R A
Ko B, TUE S 22 5 IR & B 0 B AL 25 70 o0
RMAGICE LN FEHNE, 5 H i m P ok
AL R S B DI AR DG,
33 XEFBLUEHEERIMAKTEEENG
KV 1 F R 25 SRR AR G K I L AR,
Y Bk IR AU IR S VI . & A 455 A
F B AL FE K TR B | S AR R R R AR
AR IX 3 AN T T, (R - 70 3 RN R 06 ORI
TIPS TG i 26 78 08, A5 A O J2 AT VK R L e R
AR AT L el R RV R AR IR A T TS, AR
AL T A E AL DU & AR R UTIE B 4R L b
AN TR N A R T R AR I 4 A4S T TR, X



11

o i At A PP AR AR I L T 45 7O L T SRR T B AR A Y 83

SO RIS AR A S M T A 4 5T iU ) R B 2R
FVE SEALHN & ek o i Bk e, B a4t
TIT R IR AR RS 5 ™ Wy AR B 4AU Ak AR 25 5 DR O,
SR, AR SO A A e A o0 2 R IR T R 1 IR AR
B AT, KRBT E LS.
3301 EHEG e Lo R B R

X} A5 AN A )2 (1, 1L T, TV, VAT V)
FEORTRER A | BRI AR L BRI AE L BRI S T
+IC AT 3 U AR A (R B A5 00 25 i KA,
FEMCAT 18 ), Homd ot 2 LR 7, 255 R, 7Emk
FRERAR R, X2 1, 10, 100, IV 1V (59 8Ce 43514 0.03
0.02, 0.04, 0.05 £1 0.05, 3Ce #J/NF 1, L Ce 757
W o FEELAALY A, MR )Z 1L DL L, IV AV Y 8Ce
4354 0.87. 0.94, 0.95, 0.91 F10.97, 6Ce /N T 1, 2
B Ce 579 o TERRSAALYAR D, M35 )2 1L 0L 100,

100
10 |
1+F
=
&
=
o 0.1
= X
o]
2
0.01}
BRI
—— XD3(I)
0.001 —— XD3(II)
' —6— XD3(III)
—>— XD3(IV)
—=— XD3(V)
00001
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
LR e 3
100
10 +
=
&£
B
I
=
®
=3
B 1 |
BAAAH
—<— XD3(I)
—+— XD3(II)
—oe— XD3(IIN)
—x— XD3(IV)
—=a— XD3(V)
0.1 - .

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Wt ou#

IV A1V # 8Ce 43518 1.43, 1.53, 1.43, 1.61 F111.44,5Ce
BRF 1, B Ce IERH . EIHRES T, M2 L
II, 11, IV F1 V 19 8Ce 432y 2.27., 2.28, 2.05, 1.72 Fl
1.87, 8Ce ¥J R T 1, RBLH Ce IEFH .

PG, % F B 45 e IRl — M A AN A 18 2 (1L
I, I, IV F1 V) B fi 70 R B o S EEAS AL . 7R
TR IR ERAH AR AL A D, S BL Ce 7 5, X R
B Ce HLA ™5 5 SURFE; 7R A AL A A B E S,
PR U Ce IESH, X R B A 457C HA Ce W]
B E AL, X — L U B A A LT R I AR
T B 55 L M) A SR A AH S 2 DA G

K VE HE K A 500~ 1250 m 38 Bl P K 45/
TR (OMZ), BN & & g e 1t T & M
Jo, BIF T X A 4 A R K DT RS, R A
NG ST LT ISR, O VR 2 R A R T Ce 1

100

10 +

2 W
@ Lr
l‘)é
E W
X
B0t
ALY
—o— XD3(I)
0.01} —+— XD3(ID)

—e— XD3(Ill)
—— XD3(IV)
—a— XD3(V)

0.001

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
LIRS

100

10

Elep=y itiiZla

0.1} —o— XD3(])

—+— XD3(II)
——6c— XD3(III)
—>— XD3(IV)
—=a— XD3(V)

0.01

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
LR

Bl 7 W S5 T A R R G J2 TR B PR ER AN . SR AL WA | Bk AW AR 5 0 2 v s 1 ST R L 4 il 2%
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Occurrence phases of rare earth elements and platinum group elements in
cobalt-rich crusts from the Seamount Xufu in the Pacific

Gao Jingjing'?, Liu Jihua'?, Zhang Hui'?, Wang Hongmin'?, Cui Jingjing'?, He Lianhua '

(1. Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061,
China; 2. Laboratory for Marine Geology, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237,
China)

Abstract: The geochemistry, occurrence phase and enrichment mechanism of REE and PGE were studied in cobalt-
rich crusts from the Seamount Xufu in the Pacific by ICP-OES, ICP-MS and phase analysis methods. The results
showed that, REE and PGE were enriched in cobalt-rich crusts, REE contents were 1 842—2 854 pg/g, and PGE con-
tents were 144—1 180 ng/g. REE and PGE contents in the old layers were higher than that in the new layers, and the
phosphatization in the old layers might play an active role in the REE and PGE enrichment. Moreover, LREE con-
tents were more than HREE contents, and REE diagrams showed the positive Ce anomalies and no Eu anomalies, so
Ce was enriched in cobalt-rich crusts. Meanwhile, there was an obvious contrast between PGE, and PPGE contents
were more than IPGE contents. PGE diagrams showed the positive Pt anomalies and negative Pd anomalies, so Pt
was enriched and Pd was poor in cobalt-rich crusts. In addition, REE in the new layers were mainly enriched in the
iron oxide phase, and the enrichment ratios were 65.40%—70.05%. While REE in the old layers were mainly en-
riched in the residual phase, and the enrichment ratios were 62.27%—65.77%, because it might be related to the
phosphate. Meanwhile, PGE in the new or old layers were mainly enriched in the iron oxide phase, and the enrich-
ment ratios were 63.66%—69.51%, and also the residual phase ranged from 29.20% to 34.68% had an impact on
PGE enrichment. Therefore, REE and PGE enrichment were presumed to the iron oxide colloid particles adsorption.
In the marine oxidative environment, the soluble Ce’* and Pt** were oxidized to insoluble Ce** and Pt** respectively,

and the precipitates were adsorbed into the iron oxide phase, so REE and PGE were enriched in cobalt-rich crusts.
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